Introduction
============

Trastuzumab
-----------

Trastuzumab is a humanized monoclonal antibody that has been approved by the Food and Drug Administration (FDA) since 1998 for the treatment of HER2-positive breast cancer. It remains the foundation of care for both metastatic and early stage breast cancer. Trastuzumab works by binding to extracellular domain IV of the HER2 receptor[@b1-bcbcr-6-2012-191] and blocks the network of signaling pathways that induce cell division, motility, and adhesion.[@b2-bcbcr-6-2012-191] The monoclonal antibody exerts its effects through various mechanisms such as antibody-dependent cellular cytotoxicity, inhibition of HER2 homodimer signaling, and ligand independent HER2-HER3 heterodimerization, suppression of angiogenesis, and DNA replication.[@b1-bcbcr-6-2012-191]--[@b9-bcbcr-6-2012-191]

In the metastatic setting, trastuzumab has been proven to be effective as monotherapy, with objective response rates---26% for 1st line and 15% for 2nd or 3rd line---similar to many single agent chemotherapy options with less prominent toxicity.[@b10-bcbcr-6-2012-191],[@b11-bcbcr-6-2012-191] The anti-HER2 antibody combined with docetaxel also significantly improves overall survival and progression free survival, with few additional adverse events compared to patients on docetaxel alone.[@b12-bcbcr-6-2012-191],[@b13-bcbcr-6-2012-191] However, significant cardiotoxicity has been noted in patients on combined trastuzumab and anthracycline therapy.[@b13-bcbcr-6-2012-191],[@b14-bcbcr-6-2012-191]

In the adjuvant setting, when combined with standard chemotherapy regimens, trastuzumab has been shown to markedly improve overall survival in four large randomized controlled trials irrespective of tumor stage, hormone receptor status, or age.[@b15-bcbcr-6-2012-191]--[@b18-bcbcr-6-2012-191] Three phase III neoadjuvant studies documented efficacy of trastuzumab combined with chemotherapy with essentially a doubling of the pCR rates versus control arms, with two studies showing improved DFS or event free survival.[@b19-bcbcr-6-2012-191]--[@b21-bcbcr-6-2012-191]

Not all patients respond to trastuzumab. Resistance can exist for a number of reasons, include but not limited to cellular changes which limit trastuzumab binding to HER2 such as an increase of MUC4 expression, a mucin glycopeptide,[@b22-bcbcr-6-2012-191] and the presence of a truncated form of the HER2 receptor.[@b23-bcbcr-6-2012-191] Additionally, resistance can result from activating mutations of PI3K and the loss of PTEN activity, a negative regulator of the PI3K pathway;[@b24-bcbcr-6-2012-191],[@b25-bcbcr-6-2012-191] An increase in signaling through alternate dimers, such as ligand dependent HER2:HER3 heterodimers, can also occur.[@b26-bcbcr-6-2012-191] Despite the benefits of trastuzumab, additional agents and strategies targeting the HER2 signaling network are needed.

Lapatinib
---------

Lapatinib is a dual tyrosine kinase inhibitor (TKI) that selectively binds to HER1 and HER2 receptors intracellularly[@b27-bcbcr-6-2012-191] to prevent the phosphorylation of downstream pathways which activate cell proliferation and survival.[@b28-bcbcr-6-2012-191] It also has a long half-life and slowly dissociates from HER1 and HER2 tyrosine kinases,[@b29-bcbcr-6-2012-191] enhancing its inhibition of downstream cellular signals that promote tumor cell survival and proliferation.[@b28-bcbcr-6-2012-191] Whereas trastuzumab has little effect on survivin and apoptosis, lapatinib induces cancer cell susceptibility to apoptosis by down-regulating survivin through post-translational mechanisms.[@b30-bcbcr-6-2012-191],[@b31-bcbcr-6-2012-191]

A phase II trial of HER2+ metastatic breast cancer (MBC) patients on lapatinib monotherapy demonstrated modest clinical activity in individuals whose cancer was refractory to trastuzumab, demonstrating a clinical benefit rate (CBR or objective response or stable disease \> 6 months) of 6%.[@b32-bcbcr-6-2012-191] When combined with other chemotherapeutics, lapatinib exhibits increased efficacy. In combination with capecitabine, Lapatinib is FDA-approved at a dose of 1250 mg/d for the treatment of HER2-positive MBC in patients who have progressed on prior therapy, including an anthracycline, a taxane, and trastuzumab.[@b33-bcbcr-6-2012-191],[@b34-bcbcr-6-2012-191] In the pivotal trial EGF100151, enrollment was prematurely terminated due to a successful interim analysis of median time to progression (TTP). TTP for lapatinib and capecitabine was 8.4 months, while TTP for capecitabine monotherapy was 4.4 months (HR 0.49; 95% CI 0.34 to 0.71; *P* \> 0.001). Subsequent follow-up and analysis showed a median OS of 75.0 and 64.7 weeks for combination and monotherapy respectively, a difference that did not achieve statistical significance. However, using Cox regression analysis to account for crossover as a time-dependent covariate (36 of 201 patients on capecitabine alone crossed over to combination), significance was attained (*P* = 0.043).

Lapatinib is also FDA-approved in combination with letrozole as first-line therapy in patients with estrogen receptor (ER) positive and HER2+MBC.[@b35-bcbcr-6-2012-191] In the pivotal study EGF3008, patients were still eligible even if they received adjuvant tamoxifen, aromatase inhibitor, or trastuzumab, provided it was completed less than 1 year prior to enrollment. The primary endpoint, progression free survival, was 8.2 months for patients on lapatinib and letrozole and 3 months for those on letrozole alone (HR 0.71; 95% CI 0.53 to 0.96; *P* = 0.19). CBR was 48% for the combination and 29% for the monotherapy (*P* = 0.003).

HER2+ breast cancer has an increased tendency to metastasize to the brain. The incidence of CNS metastases in patients with HER2+ MBC ranges from 25%--34%.[@b36-bcbcr-6-2012-191],[@b37-bcbcr-6-2012-191] Unlike trastuzumab, the small molecular size of lapatinib allows it to easily diffuse through the blood brain barrier.[@b38-bcbcr-6-2012-191],[@b39-bcbcr-6-2012-191] In a phase II study evaluating the benefits of lapatinib and capecitabine on HER2 positive metastatic brain lesions,[@b40-bcbcr-6-2012-191] 6% of patients who received lapatinib alone had objective responses and 21% had more or greater than a 20% volumetric reduction in CNS lesions. Of patients who received both lapatinib and capecitabine, 20% had an objective response and 40% had a more or greater than 20% volumetric reduction in their lesions. Lapatinib is therefore considered as an alternative HER2-targeted therapy to trastuzumab or as an important partner in dual HER2-targeted therapy for its potential to reduce the incidence or delay the onset of CNS disease.[@b41-bcbcr-6-2012-191]

Lapatinib, as a monotherapy or in combination with other chemotherapeutics, also elicited low cardiotoxicity rates.[@b42-bcbcr-6-2012-191] In a pooled study of 3689 patients from 44 clinical trials, only 1.6% of patients on the TKI experienced cardiac events and in those cases decrease in LVEF was rarely severe (mean nadir was 43%). The mean duration of the decrease in LVEF was 7.3 weeks and 88% of the patients had a full or partial recovery. The most frequently reported adverse effects with lapatinib alone, in order of frequency, are diarrhea, a rash consisting of occasionally pustular papules typical of EGFR-inhibitors, nausea, and fatigue.[@b43-bcbcr-6-2012-191]

Three large phase III studies have identified trastuzumab to have a better therapeutic index than lapatinib. A neoadjuvant trial, GeparQuinto, evaluated the safety and efficacy of lapatinib in comparison to trastuzumab. 615 individuals were randomly assigned 1:1 to receive chemotherapy (four cycles of EC, epirubicin and cyclophosphamide, and four cycles of docetaxel) either with trastuzumab or with lapatinib.[@b44-bcbcr-6-2012-191] The main study endpoint was pathological complete response (pCR) rate, defined as no microscopic---invasive and noninvasive---evidence of residual viable tumor in any resected specimen of the breast and axillary nodes. In the trial, 30.3% of patients on chemotherapy with trastuzumab and 22.7% of those on chemotherapy with lapatinib had complete pCR (odds ratio 0.68 with 95% CI 0.47--0.97 and *P* = 0.04). Additionally, the lapatinib arm produced more significant adverse events (87 versus 70 events) resulting in more treatment discontinuations (33.1% versus 14.0%) when compared to the trastuzumab arm. In the ongoing adjuvant trial, ALLTO, an independent data monitoring committee determined that the lapatinib alone arm was unlikely to meet the pre-specified criteria to demonstrate non-inferiority to trastuzumab alone in terms of DFS.[@b45-bcbcr-6-2012-191]

Lastly, results from MA-31,[@b46-bcbcr-6-2012-191] a phase III trial that randomized 656 women to either lapatinib (1250 mg/d titrated up to 1500 mg/d) and a taxane or trastuzumab and a taxane for first line therapy of HER2+ MBC were announced at the ASCO 2012 meeting. The primary endpoint, PFS, was 8.8 months for the lapatinib arm and 11.4 months for the trastuzumab arm (HR 1.33, *P* = 0.01). Patients were allowed to receive trastuzumab as (neo)adjuvant treatment if it was received more than 12 months prior to enrollment. Of note, only 18% of patients had prior trastuzumab therapy. The correlation of inferior PFS for lapatinib versus trastuzumab in the metastatic setting to inferior pCR in the neoadjuvant setting confirmed the wisdom of testing new targeted biologics head to head, with the standard of care in the first line metastatic setting, prior to testing them in the (neo)adjuvant setting.

To date, trastuzumab has therefore remained the standard of care and foundation for HER2+ breast cancer interventions. We will now focus on the relevant clinical trials which address the question of whether trastuzumab and lapatinib combination is better than trastuzumab alone.

Is Trastuzumab and Lapatinib Combination better than Trastuzumab Alone in the Metastatic Setting?
=================================================================================================

Clinical interest in trastuzumab and lapatinib combination therapy began with laboratory evidence both that lapatinib had significant in vitro activity against HER2-overexpressing breast cancer cell lines resistant to trastuzumab-containing media, and that trastuzumab and lapatinib dual therapy had synergistic in vitro activity against four HER2-overexpressing cell lines.[@b27-bcbcr-6-2012-191] There have been several mechanisms suggested as an explanation for the combination's effectiveness. As described earlier, a preclinical study identified that trastuzumab had little effect on survivin protein expression and apoptosis in HER2 over-expressing breast cancer cell lines, whereas the effect of lapatinib upon survivin expression and apoptosis was enhanced with combination therapy.[@b47-bcbcr-6-2012-191] Since in vitro studies have demonstrated that trastuzumab combined with gefitinib, a selective EGFR inhibitor, also induces apoptosis seen with lapatinib alone, the apoptotic effects of lapatinib appear to be due to its ability to inhibit both EGFR and HER2.[@b48-bcbcr-6-2012-191] Another possible mechanism for synergy with combination therapy is that lapatinib enhances immune-mediated trastuzumab-dependent cytotoxicity by inducing inactive HER2 homo- and heterodimers.[@b49-bcbcr-6-2012-191] Based on the preclinical data, clinical studies evaluating the effectiveness of trastuzumab and lapatinib combination therapy were initiated.

A phase I clinical trial explored the safety, clinical feasibility, optimally tolerated regimen, pharmacokinetics, and preliminary clinical activity of the lapatinib plus trastuzumab treatment in HER2+ MBC.[@b50-bcbcr-6-2012-191] Half of the 54 individuals that participated in the study were enrolled in the dose escalation group to define the optimally tolerated regimen and the other half to evaluate the pharmacokinetic profile. The dose escalation group consisted of 3 patient cohorts who were administered increasing doses of lapatinib (750 to 1500 mg/d) with weekly trastuzumab (4 mg/kg loading dose, then 2 mg/kg). It is worth emphasizing that while the optimally tolerated regimen (OTR) was determined to be a lapatinib dose of 1000 mg/d, responses were seen at 750 mg/d with no dose limiting toxicity (DLT). The 1000 mg/d does was chosen in part due to only one DLT (fatigue) observed in 11 patients in that cohort, whereas 2 DLTs were observed in the 1250 mg/d cohort. Subsequently, patients were treated at the OTR dose of 1000 mg/d to determine the overall safety and efficacy of the combination therapy, as well as the pharmacokinetic profile. For patients on the combination, the overall response rate (CR + PR) was 15%, making it a candidate treatment for HER2+ MBC. Patients on dual therapy had mild to moderate adverse events with no grade 4 toxicities. The most common adverse events included diarrhea, rash, fatigue, nausea, anorexia, and vomiting. Diarrhea, fatigue, and rash were the most common of the grade 3 drug-related events. Low levels of cardiotoxicity were also reported. Lastly, the lapatinib and trastuzumab combination demonstrated the same pharmacokinetic profile as the two drugs individually, showing maximum concentration in plasma and area under the curve.

EGF104900, a phase III trial, investigated the possibility of a non-chemotherapy approach to treating HER2+ MBC in 291 patients.[@b51-bcbcr-6-2012-191],[@b52-bcbcr-6-2012-191] Patients were required to have had prior treatment with an anthracycline, taxane, and a recent trastuzumab regimen, and were randomized to either lapatinib monotherapy (1500 mg/d) or lapatinib (1000 mg/d) and trastuzumab combination. The primary endpoint of the study was PFS and one secondary endpoint was OS. Final PFS and OS analysis published in 2012 confirmed trends seen in an earlier analysis---combination therapy had better median PFS (11.1 weeks versus 8.1 weeks; HR 0.74; 95% CI 0.58 to 0.94; *P* = 0.011) and median OS (14 months versus 9.5 months; HR 0.74; 95% CI 0.57 to 0.97; *P* = 0.026) than monotherapy. These numbers were similar in intention-to-treat analysis. The results were impressive for a chemotherapy-free approach in patients who had already become rather chemotherapy-experienced, even more so because the study allowed for crossover. Patients in the monotherapy arm who had disease progression after at least 4 weeks of lapatinib were allowed to receive combination therapy and more than half (77/148) did so. If the crossover patients were excluded from data analysis, the OS difference between combination and monotherapy increased slightly (14 months versus 8.3 months; HR 0.65; 95% CI 0.46--0.94; *P* = 0.009).

Not every participant benefitted from the dual treatment. Patients with ER+ HER2+ disease experienced no difference in median OS with dual therapy (12 versus 11.2 months; HR 0.85; 95% CI 0.57 to 1.26; *P* = 0.404), but those with ER− HER2+ disease did (16.5 versus 8.9 months; HR 0.68; 95% CI 0.47 to 0.98; *P* = 0.012). A likely explanation is that significant cross-talk between the ER and HER2 signaling pathways confounds sensitivity to HER2-targeted therapy.[@b53-bcbcr-6-2012-191] The relevance of ER expression in HER2+ disease to the probability of treatment response with HER2-targeted therapy is a theme that repeats itself in neoadjuvant trials, which will be reviewed later.

This trial has produced the first clinical data that suggests a favorable relationship between earlier initiation of dual HER2-targeted therapy and improvement in overall survival, despite allowance of crossover after progression. The OS benefit is also striking considering the relatively long post-progression survival, which has been considered by some to be an unfair scenario in which to expect OS to benefit from such a novel intervention.[@b54-bcbcr-6-2012-191] The reason for this finding is likely complex. Subgroup univariate analysis which examined baseline covariates showed that the subgroups which most benefited from combination therapy were patients with better overall prognosis \[ie, ECOG PS 0 versus ≥1 (HR 0.44; 95% CI 0.34 to 0.58; *P* \< 0.001)\], greater time from diagnosis to random assignment (HR 0.95; 95% CI 0.91 to 0.99, *P* = 0.0285), less metastatic sites \[ie, \<3 versus ≥3 (HR 0.44; 95% CI 0.33 to 0.57; *P* \< 0.001)\], non-visceral versus visceral metastases (HR 0.59; 95% CI 0.43 to 0.81; *P* = 0.001) and absence of brain metastasis (HR 0.64; 95% CI 0.44 to 0.92; *P* = 0.0175). It is possible that a more timely intervention with combination therapy is of greater importance in the metastatic setting when patients have HER2+ breast cancer biology that is not as aggressive or has more favorable prognostic features. It is likely that with a greater burden of metastatic disease, a greater complexity of mutations and diversity of cancer clones and a less favorable host environment limits efficacy of a chemotherapy-free, HER2+ targeted approach. The correlation between OS benefit and earlier initiation of combination therapy may also be related to the fact that the overall response rate in this study was relatively small (10.3% in combination versus 6.9% with lapatinib alone *P* = 0.46) and the improved clinical benefit rate (CBR or CR + SD + SD \> 24 weeks) from combination therapy was derived mostly from stable disease (CBR 24.7% versus 12.4% with lapatinib alone, *P* = 0.01).

The EGF104900 study raised some safety concerns, particularly those of a cardiac nature. While most adverse events with an incidence of 10% or more were grade 1 or 2 events such as diarrhea, nausea, rash, fatigue, and vomiting or similar, in both treatment arms, 26% of patients in the combination arm and 16% in the lapatinib arm experienced serious cardiac events (defined as \>20% decrease in left ventricular ejection fraction relative to baseline value and below the lower limit of normal for the institution). Diarrhea was more frequent in the combination arm (62% versus 48%) although grade 3 diarrhea was similar (7% versus 7%). Rash was more frequent in the monotherapy arm (29% versus 23%).

In summary, the EGF104900 study supports an important role for trastuzumab/lapatinib combination therapy for HER2+ MBC. While lapatinib is FDA approved for use in conjunction with capecitabine for HER2+ MBC that has progressed through chemotherapy with anthracyclines, taxanes and trastuzumab, the EGF104900 study validates consideration of a chemotherapy-free approach with trastuzumab and lapatinib in the same clinical setting. It might be tempting to offer trastuzumab and lapatinib as a chemotherapy free approach to patients who already have significant declines in their ECOG performance score either from their disease, comorbid conditions, or prior chemotherapy, but on this point it is worth emphasizing that subset analyses in EGF104900 did not identify benefit from trastuzumab and lapatinib combination in patients with ECOG PS ≥ 1 or those with visceral or brain metastases. Additionally, the trastuzumab and lapatinib combination was found to have low overall response rates. Therefore, lapatinib/capecitabine is preferable over lapatinib/trastuzumab if a patient has symptoms from metastatic disease or has visceral/brain metastases with trastuzumab-refractory HER2+ MBC.

The greater arsenal of HER2+ targeted therapies will raise questions more quickly than can be satisfactorily answered with clinical trials. An unanswered question is whether patients with HER2+ MBC would benefit from a trastuzumab/lapatinib +/− capecitabine combination as first line therapy. Likewise, clinical trials have yet to determine optimal sequential single-agent HER2 therapy (SSHT) or what the optimal regimen would be after progression through a chemotherapy free approach with lapatinib/trastuzumab combination. Several retrospective studies have now demonstrated that continuing trastuzumab beyond progression appears to be beneficial,[@b36-bcbcr-6-2012-191],[@b37-bcbcr-6-2012-191],[@b55-bcbcr-6-2012-191]--[@b57-bcbcr-6-2012-191] and most relevant to our current discussion, a randomized controlled study showed that in patients with HER2+ MBC refractory to trastuzumab, continuing trastuzumab with the initiation of capecitabine was superior to capecitabine alone in median time to progression (TTP 8.2 months in capecitabine and trastuzumab versus 5.6 months in capecitabine alone; HR 0.69; 95% CI 0.48--8.97; *P* = 0.0338).[@b36-bcbcr-6-2012-191],[@b37-bcbcr-6-2012-191],[@b58-bcbcr-6-2012-191] A phase III randomized controlled study is currently randomizing patients with HER2+ MBC to either trastuzumab and capecitabine or lapatinib and capecitabine, and will help fill in one of the many blanks regarding optimal SSHT.[@b59-bcbcr-6-2012-191]

To optimize treatment of HER2+ MBC, accurate tests to predict which HER2-targeted therapy would be most effective for an individual patient would be ideal. However, such tests will be confounded by the phenomena of tumor heterogeneity within the primary tumor itself,[@b60-bcbcr-6-2012-191],[@b61-bcbcr-6-2012-191] as well as the evolution of diverse clones in the course of MBC treatment[@b62-bcbcr-6-2012-191] and the logistics of repeated biopsies. In the interim, rather than asking whether trastuzumab and lapatinib is better than trastuzumab alone in the metastatic setting, perhaps a better global question to ask for the future would be whether the consistent use of highly active anti-HER2 therapy (HAAHT) using two agents is superior to sequential single-agent HER2 therapy (SSHT) over the lifetime course of HER2+ MBC treatment. Between the June 2012 FDA approval of pertuzumab (a monoclonal antibody that blocks ligand-dependent HER2-HER3 heterodimerization) for combination with trastuzumab and docetaxel as first line therapy for HER2+ MBC, and the pending approval of T-DM1 (trastuzumab linked to cytotoxic agent emtansine), trastuzumab and lapatinib combination looks to be one of only three validated "two in one" or HAAHT strategies. We review this question further and the potential ethical dilemmas in the conclusions section.

We have not addressed the question of whether trastuzumab and lapatinib is better than trastuzumab alone when used in combination with anti-estrogen therapy in HR+ HER2+ MBC. This is due mainly to the relative lack of sufficient clinical evidence to answer this question for the metastatic setting. A clinical study is accruing data to help address this question and will be reviewed in the future studies section.[@b63-bcbcr-6-2012-191] Until such data is available, the improved PFS documented with lapatinib and letrozole in the EGF3008 trial and trastuzumab and anastrazole in the TAnDEM study[@b64-bcbcr-6-2012-191] (both compared to endocrine therapy alone) has established the importance of combining HER2-targeted therapy with endocrine therapy.[@b65-bcbcr-6-2012-191]

Is Trastuzumab and Lapatinib Combination better than Trastuzumab Alone in the Neoadjuvant Setting?
==================================================================================================

Although neoadjuvant chemotherapy has not been shown to be superior or inferior to adjuvant chemotherapy in improving overall survival with locally advanced breast cancer,[@b66-bcbcr-6-2012-191] neoadjuvant studies have generally been preferred in the investigation of new HER2-targeted agents for HER2+ breast cancer for reasons beyond the known benefits to the patient and physician. Reasons for this preference include additional prognostic information and the improved probability of breast conserving surgery. Neoadjuvant studies allow tumor snapshots before and after therapy and, in some cases, in-study, opening possibilities for new insights into biomarkers that either predict response to treatment and/or actually drive the therapeutic outcome and become new drug targets. Neoadjuvant studies also allow gradual introduction of more paradigm shifting or controversial approaches to breast cancer ie, dual HER2-targeted therapy without chemotherapy via integration of the study protocol with current standards of care neoadjuvantly and/or adjuvantly. Additionally, since chemotherapy and trastuzumab is standard of care for any tumor larger than 1 cm (NCCN guidelines), there is less ambiguity without definitive pathological staging of lymph nodes as to whether a patient with a HER2+ breast cancer needs chemotherapy. Lastly, comparative effects from neoadjuvant studies give more immediate data compared to DFS and OS from adjuvant studies, and more rapidly informs development of novel trial concepts.

Prior to a discussion of the neoadjuvant trials, it is worthwhile to consider the significance of pCR in locally advanced HER2+ breast cancer. Although several smaller scale studies suggested pCR was prognostic for DFS and OS,[@b67-bcbcr-6-2012-191]--[@b69-bcbcr-6-2012-191] a recent analysis strongly validates the significance of pCR for HR− HER2+ breast cancer. In a highly powered review of more than 6377 patients enrolled in 7 neoadjuvant anthracycline-taxane based chemotherapy clinical trials, Von Minckwitz et al demonstrated that both the specific definition of pCR and the subtype of breast cancer were important in terms of the reliability of pCR as a surrogate for DFS and OS.[@b70-bcbcr-6-2012-191] The optimal definition to this end was evidence that there was neither residual invasive cancer nor in situ disease in the breast and lymph nodes. The most commonly reported pCR definition in the neoadjuvant trials to be discussed in this review was no evidence of residual invasive cancer in the breast and lymph nodes (allowance of in situ disease), which was the second best definition in this analysis. Compared to luminal A/B (HR+) breast cancer subtypes, patients with non-luminal (HR−) HER2+ breast cancer were not only more likely to achieve pCR using this definition (27.6% without trastuzumab and 32.9% with trastuzumab) but the pCR was also found to have significant prognostic value for DFS and OS. Importantly, pCR in luminal B (HR+) HER2+ breast cancer did not have prognostic value for DFS and OS (nor luminal A). Significance of pCR was also found with luminal B HER2− and triple negative breast cancer subtypes. Whether pCR has similar value when HER2-targeted therapy is given without chemotherapy remains unknown, since this analysis was limited to patients receiving chemotherapy, predominantly anthracycline-taxane containing regimens.

As of September 2012, five neoadjuvant studies with a treatment arm that included trastuzumab and lapatinib combination have reported results on pCR rate (See [Table 1](#t1-bcbcr-6-2012-191){ref-type="table"} for overview). The international phase III NeoALTTO study[@b57-bcbcr-6-2012-191],[@b71-bcbcr-6-2012-191] randomized 455 patients with locally advanced (\>2 cm) HER2+ breast cancer to 3 treatments arms: oral lapatinib (1500 mg/d), trastuzumab (4 mg/kg loading dose, 2 mg/kg subsequent doses), or lapatinib (1000 mg/d) plus trastuzumab, the same doses as the EGF104900 study. The HER2-targeted therapy was given alone for 6 weeks and then with weekly paclitaxel for 12 weeks until surgery. After surgery, patients were treated with 4 cycles of FEC (5-fluorouracil, epirubicin, and cyclophosphamide without concurrent HER2-targeted therapy), followed by 34 weeks on the same HER2-targeted treatment given prior to surgery. In this study, the primary endpoint, pCR, was defined by NSABP criteria ie, as no invasive cancer in the breast. The pCR for the combination group was 51.3%, almost double the pCR of the trastuzumab and lapatinib alone groups, 29.5% and 21.1% respectively. When using a definition of no invasive disease in the breast and lymph nodes, pCR was 46.8% for combination and 27.6% and 20.0% for trastuzumab and lapatinib respectively. Hormone receptor negative (HR−) tumors had an overall higher pCR compared to HR+ tumors for all treatment arms. Regardless, combination therapy produced the highest pCR rates in both HR+ (42% for combination versus 16.3% for lapatinib and 22.7% for trastuzumab) and HR− (61.3% for combination versus 33.8% for lapatinib and 36% for trastuzumab) breast cancer. All of these differences in pCR were significant when comparing the combination arm to trastuzumab alone.

Toxicities such as diarrhea, neutropenia, and elevation of liver enzymes were more common in the two arms containing lapatinib versus trastuzumab alone and such toxicities contributed to the higher rates of discontinuation in these treatment groups (18.8% of the patients discontinued due to adverse events in the lapatinib arm, 1.3% in the trastuzumab arm, and 21% in the combination). The frequency of treatment discontinuation and adverse events might have been due to pharmacokinetics of lapatinib and paclitaxel concurrent therapy. This combination has been shown to cause an increase of more than 20% in systemic exposure to both drugs.[@b72-bcbcr-6-2012-191] Another study noted more adverse events---specifically grade 3 diarrhea causing lapatinib dose reductions---when lapatinib 1000 mg/d was added to paclitaxel and trastuzumab.[@b73-bcbcr-6-2012-191] In fact, the NeoALLTO protocol was later modified and the lapatinib dose was amended and reduced from 1000 mg to 750 mg in the combination group. However, due to fast accrual, only about a third of patients in the combination arm actually started at the lower dose. One patient with diabetes in the combination group died immediately after the end of treatment, from complications related to hypoglycemia. Only one patient in each treatment arm had a left ventricular ejection fraction (LVEF) of less than 50% and a decrease of more than 10% from baseline. One patient in the combination group developed class III congestive heart failure and showed a LVEF decrease from 66% to 55%, but recovered after therapy was stopped. Overall, this study showed that dual therapy is more effective at achieving pCR in the treatment of HER2+ breast cancer in the neoadjuvant/adjuvant setting, albeit with significantly greater toxicity.

Similar findings were observed in a phase II study, CHERLOB, where 121 preoperative HER2+ BC patients were randomized to three treatment arms where HER2-targeted therapy was given throughout an anthracycline and taxane based neoadjuvant chemotherapy: arm A of trastuzumab; arm B of lapatinib (1500 mg); and arm C of trastuzumab and lapatinib (1000 mg) combined.[@b74-bcbcr-6-2012-191] Chemotherapy included 12 weeks of weekly paclitaxel (80 mg/m^2^) followed by 4 courses of fluorouracil, epirubicin, and cyclophosphamide (FEC75) every 3 weeks. The primary endpoint, pCR, defined as absence of invasive tumor in the breast and axillary lymph nodes (ie, allowance of residual DCIS) was 25% in arm A, 26.3% in arm B, and 46.7% in arm C. Just as in the NeoALLTO study, a near doubling of the pCR rate was observed with combination therapy (risk ratio 1.81; *P* = 0.019 in exploratory analysis versus the pooled two single-agent arms A and B). Consistent also with NeoALLTO, pCR was higher in ER− cases (41.3% versus 28.8%).

The improved pCR with combination therapy also came with increased adverse events (primarily due to the lapatinib component) such as diarrhea (grade 3: 2.7% in arm A, 33% in arm B, 34.8% in arm C), dermatologic toxicities (grade 3: 5.5% in arm A, 12.8% in arm B, 10.8% in arm C), and hepatic toxicities (grade 3: 2.7% in arm A, 12.8% in arm B, 4.3% in arm C). The protocol starting doses of lapatinib were amended for arm B and C, where lapatinib was reduced from 1500 mg to 1250 mg and from 1000 mg to 750 mg respectively, in order to address a high occurrence of grade 3 diarrhea in arm B (20%) and arm C (41%). Even though the majority of patients enrolled to lapatinib containing arms received the amended dose reduction, 30% of patients from arm B and 17% from arm C discontinued the trial due to adverse reactions, and 43.6% in arm B and 54% in arm C had to schedule breaks in their treatment. For patients enrolled before and after the protocol amendment, a lapatinib dose reduction was required in 80% and 54% respectively for arm B and 55% and 34% for arm C. There were no significant cardiac toxicities (1 patient in Arm A had an asymptomatic decrease in LVEF below limit of normal) even though trastuzumab and lapatinib were given concurrently with an anthracycline. Similar to the NeoALLTO study, even with the high rate of dose reductions and treatment discontinuations, CHERLOB demonstrated nearly a doubling of pCR rate with combination therapy versus single agent HER2-targeted therapy.

Like CHERLOB, NSABP protocol B-41 also examined the impact of trastuzumab and lapatinib combination on pCR when given with an anthracycline and taxane based neoadjuvant chemotherapy regimen. However, unlike CHERLOB, HER2-targeted therapy was not given concurrently with an anthracycline. The results were recently announced at the ASCO 2012 annual meeting. A total of 529 women with HER2+ operable breast cancer received neoadjuvant 4 cycles of AC followed by 12 doses of "weekly paclitaxel" (3 treatments given every 4 weeks), and were randomized to receive the paclitaxel with either weekly trastuzumab, lapatinib (1250 mg/d) or trastuzumab and lapatinib (750 mg/d) combined. Of 519 evaluable patients, pCR defined by NSABP criteria (no invasive disease in the breast) was 52.5% for the trastuzumab arm, 53.2% for the lapatinib arm, and 62% for the combination arm, with the combination arm not quite obtaining statistical significance (*P* = 0.075). For HR+ subtypes (63% of the study population), pCR was 46.7%, 48% and 55.6% respectively and for HR− subtypes pCR was 65.5%, 60.6% and 73% respectively. When pCR was more tightly defined as no invasive disease in the breast or lymph nodes, percentages of 49.1%, 47.4% and 60.4% were observed, with the latter achieving statistical significance (*P* = 0.04). Grade 3 and 4 toxicities, particularly diarrhea, were 2%, 20%, and 27% respectively. Symptomatic grade 3 and 4 left ventricular systolic dysfunction in 4%, 4%, and 2% respectively.

At ASCO 2011,[@b75-bcbcr-6-2012-191] Holmes et al presented results from a phase II trial where 100 patients with operable HER2+ breast cancer were randomized to neoadjuvant trastuzumab, lapatinib (1250 mg/d), or trastuzumab and lapatinib combination (1250 mg/d) for 2 weeks, a repeat biopsy, then the same HER2-targeted therapy concurrently with FEC75 for 4 cycles and paclitaxel weekly for 12 weeks. Both lapatinib arms used 750 mg/d during FEC, 1000 mg/d during pacli taxel. In addition to taking molecular profiles of the index tumor before and after HER2-targeted therapy, the study also documented pCR (defined as absence of invasive cancer in the breast and lymph nodes) rates of 54%, 45% and 74% respectively. Permanent treatment discontinuations due to adverse events were 9.4% (3/32) in the trastuzumab arm, 11.7% (4/34) in the lapatinib arm, and 25.8% (8/31) in the combination arm (personal communication). The reasons 97 and not 100 patients were included in this analysis were early discovery of metastatic disease in the liver, metastatic disease in the lung, and patient choice to withdraw from study before initiation of therapy.

Lastly, a phase II trial TBCRC 006 evaluated the efficacy of neoadjuvant weekly trastuzumab and lapatinib (1000 mg/d) without chemotherapy for 12 weeks amongst 66 patients with operable HER2+ breast cancer.[@b76-bcbcr-6-2012-191] Patients with HR+ breast cancer were also given letrozole and goserelin if premenopausal. Biopsies were obtained prior to the intervention, as well as during weeks 2, 8, and 12, in order to evaluate responses. Approximately 65% of the tumors were HR+. This treatment protocol generated a pCR rate of 28%, with pCR defined as absence of invasive cancer in the breast. Median size of index tumors was 6 cm and 62% had lesions larger than 5 cm in diameter, 54% were pre-menopausal, and 65% of the tumors were HR+. Similar to the findings of NeoALLTO and CHERLOB, pCR was higher for HR− breast cancer (40%) versus HR+ breast cancer (21%). Approximately 56% of the HR+ breast cancers had less than 1 cm of residual disease, generating a hypothesis that longer treatment would have induced a higher pCR rate. Toxicities were mostly composed of grade 1 and 2 diarrhea (66%), nausea (31%), rash (46%), and abnormal LFTs (25%), with 18% of participants experiencing grade 3 metabolic, gastrointestinal, and hepatic toxicities, and 1 patient having grade 4 hepatotoxicity. 8% of patients had to discontinue treatment. Overall, the TBCRC 006 trial demonstrated that the combination of trastuzumab and lapatinib with anti-estrogen therapy can be effective in HR+ HER2+ breast cancer.

A meta-analysis that included four of the five neoadjuvant studies discussed here, excluding TBCRC 006, pooled a total of 779 patients who received neoadjuvant chemotherapy with either trastuzumab and lapatinib combination or trastuzumab alone, and calculated an average pCR (defined as invasive disease in breast and axilla) of 53% (209/392) for combination compared to 39% (150/387) for trastuzumab alone.[@b77-bcbcr-6-2012-191] The probability of pCR was significantly higher for the combination (RR 1.39, 95% CI 1.20--0.63; *P* \< 0.001). However, combination therapy did not result in a higher breast conserving surgery rate (RR 0.98, 95% CI 0.85--1.14, 3 trials 734 patients). Adverse events pooled from the studies reporting sufficient information were reported in terms of events/total number of patients in the combination arms, and relative risk was reported relative to the trastuzumab arms. Grade 3 or 4 diarrhea had a frequency of 25.6% (95/371, RR 11.54, 95% CI 5.69--93.41, *P* \< 0.001) and while other adverse events did not have RR of statistical significance, discontinuation of treatment was 29.6% (94/317, RR 5.89, 95% CI 0.56--61.69 *P* = 0.14) and grade 3--4 dermatologic toxicity was 7.6% (15/198, RR 2.27, 95% CI 0.90--0.72, *P* = 0.08). Of note, cardiac toxicity was rare with only 1 of 198 patients (NeoALLTO and CHERLOB) having an LVEF of less than 50% or a decline greater than 10% from baseline in the combination arms. The low rate is surprising, given that 46 patients were from the CHERLOB study and received anthracycline concurrent with combination therapy (none of which had cardiac toxicity). Excluded from those totals, patients in NSABP B-41 who received anthracycline chemotherapy without dual HER2-targeted therapy had a 2% incidence of symptomatic grade 3 or 4 LV systolic dysfunction.

[Table 1](#t1-bcbcr-6-2012-191){ref-type="table"} provides an overview of the five neoadjuvant trials discussed. It is interesting to note that even though NSABP B-41 utilized one of the shortest durations of HER2-targeted therapy neoadjuvantly (16 weeks), the pCR rate of 60.4% was among the highest for trastuzumab and lapatinib combination therapy. NSABP B-41 was the only study that utilized an AC/T backbone and had rather strict criteria for continuation of HER2-targeted therapy within 1--7 days prior to surgery. Unlike CHERLOB and Holmes et al, where patients got FEC75x4 and weekly paclitaxel × 12, NSABP B-41 did not give concurrent HER2-targeted therapy with the anthracycline and used the lowest protocol dose of lapatinib (750 mg/d). The average pCR of patients receiving combination HER2-targeted therapy from the CHERLOB and Holmes et al studies was 58.1%, essentially similar to NSABP B-41. The numbers, while inconclusive, are a reminder that a definitive randomized head to head clinical trial is needed before concluding that the longer courses of HER2-targeted therapy given concurrently with a regimen like FEC75/P are indeed superior.

Although not specifically testing the trastuzumab and lapatinib combination, phase II TRYPHAENA results presented at SABCS 2011 shed more light on the relative importance of initiating dual HER2-targeted therapy---specifically trastuzumab and pertuzumab---concurrently with anthracyclines. In this study, 225 women with HER2+ operable breast cancer larder than 2 cm were randomized to arm A (FEC100 for 3 cycles), arm B (docetaxel for 3 cycles) or arm C \[TCHP × 6 cycles (HP = trastuzumab and pertuzumab)\]. In arm A, HP was started with cycle 1 of FEC. In arm B HP, was started with cycle 1 of docetaxel. Arm A had a pCR of 61.6%, arm B 57.3%, and arm C 66.2% using a definition of no invasive disease in the breast. Using a definition of no invasive or non-invasive disease in the breast and lymph nodes, arm A had a pCR of 50.7%, arm B 45.3% and arm C 51.9%. It is worth emphasizing that the study was not powered to detect differences in pCR between the treatment arms, and the primary endpoint was cardiac safety. Greater differences for arm A and B were seen when looking at the HR− subset, a subset where, again, pCR has more prognostic value for DFS and OS, whereas pCR in HR+ HER2+ breast cancer does not.[@b70-bcbcr-6-2012-191] For the HR− subset, arm A had a pCR of 79.4%, arm B 65.0%, and arm C 83.8% using a definition of no invasive disease in the breast. In this subset, pCR using no invasive disease in the breast and axilla as a definition was not included in the SABCS oral presentation. Of note, a higher dose of epirubicin was used in TRY-PHAENA versus the dose used in the CHERLOB, NSABP B41, and Holmes et al studies. The pCR rates show a numerical advantage for dual HER2-targeted therapy given concurrently throughout FEC/docetaxel compared to concurrently with docetaxel only, which is more pronounced in the HR− HER2+ breast cancer subset, although TCHP was slightly higher and avoids the concern of synergistic cardiotoxicity with HER2-targeted therapy and anthracyclines. Symptomatic LV systolic dysfunction was only seen in 2 patients in Arm B (2.7%). LV systolic dysfunction of all grades were 4 (5.6%) in Arm A, 3 (4.0%) in Arm B and 2 (2.6%).

Also unexplained in the five neoadjuvant trials summarized in [Table 1](#t1-bcbcr-6-2012-191){ref-type="table"} is the relatively low pCR rate seen with trastuzumab and FEC75/P in the CHER-LOB study (25.0%). The initial study, which generated interest in FEC75/P with trastuzumab in HER2+ locally advanced breast cancer, was a small study of 34 patients wherein 18 received the trastuzumab concurrent with chemotherapy and 16 received chemotherapy alone. The trastuzumab group had a pCR rate (no invasive disease in breast and axilla) of 65.2% compared to the chemotherapy alone group 26.0% (*P* = 0.016).[@b21-bcbcr-6-2012-191] The treatment schema of this study included an uncommonly used 24 hour paclitaxel infusion every 3 weeks and was closed prematurely due to the surprising efficacy. Pernas et al prospectively monitored 51 patients getting the same trastuzumab based chemotherapy regimen, but using the more common paclitaxel weekly dosing schema, and still observed a pCR of 61.4%.[@b78-bcbcr-6-2012-191] Additionally, a retrospective chart review of patients treated at MD Anderson showed that 235 patients who received trastuzumab with FEC75/P had a pCR of 60.6% (versus 43.3% for 65 patients who received TCH; *P* = 0.016).[@b79-bcbcr-6-2012-191] In this study, no significant difference in LVEF declines were seen between the two treatment protocols; however, patients treated with FEC75/P and trastuzumab had fewer cardiac morbidities at baseline (*P* = 0.002), suggesting an understandable selection bias.

Proponents of trastuzumab integrated throughout an FEC/P regimen cite data showing the relative importance of anthracyclines in HER2+ breast cancer. A pooled analysis of 5354 patients who received anthracycline and non-anthracycline curative intent chemotherapy regimens highlights this concern.[@b80-bcbcr-6-2012-191] The study showed that patients with HER2+ breast cancer were more likely to benefit in terms of OS from anthracycline versus non-anthracycline regimens (HR of death from any cause 0.73; 95% CI 0.62--2.85; *P* \< 0.001) compared to those with HER2 tumors (HR 1.03; 95% CI 0.92--2.16; *P* = 0.6). However, none of the trials included in this analysis gave HER2-targeted therapy. The pCR rates observed with dual-inhibition of HER2 and a taxane were 39.3% and 46.9% in NeoSphere and NeoALLTO respectively.[@b19-bcbcr-6-2012-191],[@b71-bcbcr-6-2012-191] These were also similar to the pCR rates seen with anthracycline/taxane chemotherapy with concurrent trastuzumab throughout, at 38.0% and 45.0% with NOAH and GeparQuinto respectively.[@b19-bcbcr-6-2012-191],[@b44-bcbcr-6-2012-191] These trends beg the question whether more patients can be spared anthracyclines and attain similar pCR and OS to current standard of care by employing more effective HER2-targeted therapy and whether dual-inhibition of HER2 concurrent throughout anthracycline/taxane chemotherapy can push pCR and OS higher in patients that have the highest risk of recurrence.

No neoadjuvant study has yet been completed that looks at trastuzumab and lapatinib combination with a TCH chemotherapy backbone, though one is in accrual (see next section). BCIRG 006, a study of 3222 patients, provides several insights into the risks and benefits of trastuzumab combined with an anthracycline/taxane regimen, compared to a non-anthracycline regimen, TCH. In this study, patients were randomized to receive adjuvant ACx4-docetaxel × 4 (AC-T), ACx4-docetaxel × 4 with 1 year of trastuzumab beginning with docetaxel (AC-TH), or TCH with 1 year total of trastuzumab. In a third planned efficacy analysis reported at SABCS 2009, 5 year DFS with AC-TH was 84%, TCH 81%, and AC-T 75%. Though numerically higher, AC-TH did not achieve statistical significance compared to TCH, although the study was not powered to detect equivalence between the two arms. However, both AC-TH and TCH attained significant improvement compared to AC-T for DFS and OS. The slightly numerical improvement in DFS and OS with AC-TH versus TCH came with the cost of higher rate of cardiac toxicity (21 versus 4 cases), and a small but awful risk of secondary leukemia.

Adding more granularity to the anthracycline question, Press et al found co-amplification of *TOP2A*, a target of anthracycline activity, and not HER2 amplification, is the more clinically useful predictor of benefit from anthracycline chemotherapy. This finding was achieved using a dataset of nearly 5000 breast cancers, including those from BCIRG 006.[@b81-bcbcr-6-2012-191] Of note, 35% of HER2+ breast cancers had *TOP2A* co-amplification, whereas none were seen in HER2 cases, a finding that correlates with *TOP2A*'s close localization to HER2 on chromosome 17q. In another study of 373 patients with high-risk breast cancer, defined as cancer larger than 3 cm or inflammatory in nature, 46% of 94 HER2+ tumors also had TOP2A co-amplification, whereas no TOP2A co-amplification was found in the HER2− tumors. TOP2A co-amplification with HER2 was also associated with higher rate of pCR to an anthracycline-based neoadjuvant chemotherapy (30% versus 11% *P* = 0.002).[@b82-bcbcr-6-2012-191]

Without mature data on DFS and OS from the neoadjuvant studies reviewed here, trastuzumab and lapatinib combination therapy is not ready to be incorporated into standard of care even though the aggregate pCR of five available neoadjuvant studies document that combination therapy results in superior pCR rates. In addition to DFS and OS data, several modifications are needed to improve the therapeutic index of lapatinib and trastuzumab combination, if it is to gain traction in the neoadjuvant setting, given the better therapeutic index of other combinations like pertuzumab and trastuzumab. Subpopulation treatment effect pattern plot analysis in the GeparQuinto study showed that patients who received neoadjuvant lapatinib have a generous therapeutic window---for example, patients who received lapatinib in a dose range of 700--1250 mg/d had no difference in pCR rates.[@b44-bcbcr-6-2012-191] Additionally, despite the high rate of treatment delays and discontinuations seen in the reviewed neoadjuvant studies, pCR rates remained impressive for combination therapy in NeoALLTO and CHERLOB. Preclinical data also shows that reducing the dose of lapatinib and trastuzumab by half, either by reducing the daily dose by half or by using an intermittent treatment schedule, did not lead to significant differences in rates of complete regression and tumor recurrence in a xenograft mouse model.[@b83-bcbcr-6-2012-191]

Taken altogether the data suggest that future studies should attempt to validate a lower dose of lapatinib for dual HER2-inhibition with trastuzumab, in all treatment settings. Reliable biomarkers are needed that will help identify which patients are most likely to benefit from trastuzumab and lapatinib combination and which patients are candidates for a chemotherapy free approach. TOP2A co-amplification in HER2+ breast cancer might help identify patients more likely to benefit from anthracycline chemotherapy. A chemotherapy-free approach using dual-inhibition of the HER2 pathway may be particularly desirable for treatment of the controversial T1aT1b (\<1 cm) HER2+ operable breast cancer, where no standard of care has yet been established with a prospective, randomized clinical trial.

Future Studies
==============

There are several studies currently in accrual that will answer more questions regarding the therapeutic index of using a trastuzumab and lapatinib combination. CALGB 40601 will compare the primary endpoint of pCR in the breast using neoadjuvant weekly paclitaxel for 16 weeks combined with three HER2-targeted regimens---weekly trastuzumab, lapatinib 1500 mg/d, or combination therapy with lapatinib 750 mg/d.[@b84-bcbcr-6-2012-191] Of note, the lapatinib arm has been discontinued as of June 15 2011 due to the higher toxicity and lower pCR rates already documented in NeoALTTO and GeparQuinto results. Patients will also receive additional adjuvant treatment such as radiation, hormone therapy, and chemotherapy, if deemed necessary by the treating physician. In addition to the primary endpoint of pCR, patients will be followed for 10 years to document RFS and OS.

ICORG 10-05 (TCHL) is a phase II neoadjuvant study that compares the efficacy of TCH (docetaxel, carboplatin, trastuzumab), TCHL (docetaxel, carboplatin, trastuzumab, lapatinib at 1000 mg/d) and TCL (docetaxel, carboplatin, lapatinib at 1000 mg/d) based on pCR, the primary endpoint.[@b85-bcbcr-6-2012-191] The secondary endpoints of the study include disease free survival, overall survival, clinical response rate, and overall response rate. After surgery, all treatment arms will receive trastuzumab to complete a total of one year of trastuzumab therapy.

EORTC 10054, also known as LAPATAX, is a phase II trial that will offer a neoadjuvant chemotherapy backbone of 3 cycles of FEC100 followed by 3 cycles of docetaxel and will randomize 150 patients to receive either trastuzumab, lapatinib, or both, starting only with the docetaxel.[@b86-bcbcr-6-2012-191] Stage 1 of the study is completed and confirmed that G-CSF and docetaxel at 100 mg/m^2^ can be given safely with lapatinib at 1250 mg/d. Patients in all treatment arms will receive adjuvant trastuzumab and hormone therapy as per local guidelines.

The largest adjuvant study looking at trastuzumab and lapatinib combination, ALTTO, closed to accrual in 2011, successfully enrolled 8000 patients in 50 countries and anticipates results for DFS by July 2013. The complex design includes patients receiving anthracycline/taxane chemotherapy as well as non-anthracycline chemotherapy (TCH), both neoadjuvantly and adjuvantly, and randomizes patients to receive HER2-targeted therapy either as trastuzumab, lapatinib, trastuzumab followed by lapatinib, or trastuzumab concurrent with lapatinib, for a total of 52 weeks. The doses used for combination therapy will be lapatinib 750 mg/d and trastuzumab 2 mg/kg weekly when given concurrent with a taxane, and then 1000 mg/d and 6 mg/kg every 3 weeks during maintenance therapy. The lapatinib alone arms will receive 750 mg/d during taxanes and then 1500 mg/d during maintenance.

Meanwhile, the role of lapatinib and trastuzumab dual therapy in the first line treatment of HR+ HER2+ MBC will be better defined by an ongoing III clinical trial that randomizes postmenopausal women with HR+ HER2+ MBC to treatment with an aromatase inhibitor (AI: letrozole, anastrazole or exemestane) with either trastuzumab, lapatinib (1500 mg/d), or dual therapy with lapatinib 1000 mg/d.[@b63-bcbcr-6-2012-191] Eligible patients are required to have received trastuzumab and endocrine therapy in the (neo)adjuvant setting and may not have received prior treatment for metastatic disease. The primary endpoint is comparing the overall survival of trastuzumab/lapatinib/AI versus trastuzumab/AI. The secondary endpoint looks at overall survival, progression free survival, overall response rate, clinical benefit rate, and safety and tolerability of the three treatment arms.

Conclusion and Ethical Concerns
===============================

Lapatinib and trastuzumab combination therapy has better efficacy than single agent HER2-targeted therapy in both the metastatic and (neo)adjuvant setting, but at the cost of greater toxicity. In patients with trastuzumab refractory HER2+ MBC, improved PFS and OS with combination therapy has been documented compared to lapatinib therapy alone, despite allowance of crossover to combination therapy. The impact of combination therapy when utilizing concurrent chemotherapy or hormone therapy for HR+ HER2+ MBC remains unclear; however, a study actively accruing will help answer this question. Combination therapy in the neoadjuvant setting likewise has better efficacy in terms of pCR, but data from neoadjuvant studies are not yet mature enough to answer whether it improves DFS and OS. Although the pCR rate has been shown to be a reliable proxy for DFS and OS in HR− HER2+ breast cancer, due to the greater toxicity, financial cost, and nearly 30% average discontinuation rate, it is too early to declare that the standard of care for operable HER2+ breast cancer larger than 1.0 cm has changed.

Optimal sequence and use of combination therapy will be even more complex as the number of available HER2-targeted agents increase. As we have reviewed elsewhere,[@b87-bcbcr-6-2012-191] clinical trials such as CLEOPATRA (metastatic) and NEOSPHERE (neoadjuvant) have documented impressive efficacy, as well as superior tolerability with a trastuzumab and pertuzumab combination. Additionally, the FDA will likely approve T-DM1 as 2nd line therapy for HER2+ MBC,[@b88-bcbcr-6-2012-191] and ongoing clinical trials might identify improved efficacy of T-DM1 combined with pertuzumab.

Unfortunately the real world question for most clinicians and patients in the United States is not only whether dual-HER2 therapy is better than HER2 monotherapy, but whether insurances and third-party payers will cover dual-HER2 therapy outside of the FDA approved indications. In the United States oncologists are already reporting difficulty in using pertuzumab and trastuzumab combination for patients with HER2+ MBC beyond first line therapy, despite clinical trials that support its efficacy and safety beyond first line. At the time of this publication, pertuzumab costs \$2830 for 420 mg and trastuzumab \$2009 for 440 mg and a 52 week course of both would start at \$107,298 for a Veterans Hospital facility.

We anticipate that a probable theme that will develop over the next decade is that patients with HER2+ metastatic breast cancer will benefit most from an up-front strategy of highly active anti-HER2 therapy (HAAHT) and that similar lessons learned from the optimal treatment of HIV and chronic myeloid leukemia (CML) will cross-apply.[@b89-bcbcr-6-2012-191],[@b90-bcbcr-6-2012-191] For example, the recommended approach to treatment of HIV or CML is to select a highly active anti-retroviral therapy (HAART) or a BCR-ABL targeting agent respectively, with the goals of reducing active viral copies to undetectable levels or obtaining a complete cytogenetic response within a preferred time-frame.[@b89-bcbcr-6-2012-191],[@b91-bcbcr-6-2012-191] Thanks to improved HAART strategies and options, HIV seroconversion has now become a chronic illness with a reduction of death rates from 29.4/100 person-years in 1995 to 8.8 per 100 in 1997.[@b92-bcbcr-6-2012-191] In fact, one study projects that a 30 year old man who seroconverts and is compliant with HAART is estimated to have a mean reduction of life expectancy of only 7 years.[@b93-bcbcr-6-2012-191]

Although it is premature to extrapolate the HIV story to HER2+ metastatic breast cancer, HIV history foreshadows an important ethical lesson. One of the key innovations to HAART was the development of protease inhibitors, and patients with HIV who had private insurance were more likely to get a protease inhibitor as part of their HAART compared to those covered by Medicare or Medicaid. This discrepancy was identified as a key reason for the higher mortality seen in the Medicare/Medicaid population between 1994 and 1997.[@b92-bcbcr-6-2012-191] To minimize a repeat of the socioeconomic prejudices observed in the evolution of HAART, in the treatment of HER2+ MBC, collaboration between academia and pharmaceutical companies will be needed to develop clinical studies that test whether persistent use of HAAHT (ie, trastuzumab and lapatinib, trastuzumab and pertuzumab, and TDM-1 +/− pertuzumab) through the course of HER2+ MBC indeed leads to improved overall survival and manageable toxicity, particularly when compared to their use only for FDA-approved indications (ie, current practice realities).
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###### 

Overview of neoadjuvant trials looking at pCR for trastuzumab and lapatinib combination.

                                                **Neoadjuvant treatment arms**                        **Lapatinib dose (mg)**                                 **Duration of neoadjuvant HER2-targeted therapy**       **Number of patients**   **pCR (no invasive dz in breast and lymph nodes)**   **Treatment discontinuation rates**
  --------------------------------------------- ----------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------ ---------------------------------------------------- -------------------------------------
  NeoALLTO                                      T × 6w, Pw + T × 12w                                  0                                                       18                                                      154                      27.6%                                                1.3%
  L × 6w, Pw + L × 12w                          1500                                                  18                                                      159                                                     20.0%                    18.8%                                                
  TL × 6w, Pw + TL × 12w                        750--1000                                             18                                                      152                                                     46.8%                    21.0%                                                
  CHERLOB                                       (Pw × 12w, FEC75 × 4 over 12w) +T                     0                                                       26                                                      39                       25.0%                                                0%
  (Pw × 12w, FEC75 × 4 over 12w) +L             1250--1500                                            26                                                      36                                                      26.3%                    17%                                                  
  (Pw × 12w, FEC75 × 4 over 12w) +TL            750--1000                                             26                                                      46                                                      46.7%                    30%                                                  
  NSABP B-41                                    AC × 4 over 12w, (Pw × 12w) +T                        0                                                       16[^\*^](#tfn2-bcbcr-6-2012-191){ref-type="table-fn"}   173                      49.1%                                                18%
  AC × 4 over 12w, (Pw × 12w) +L                1250                                                  16[^\*^](#tfn2-bcbcr-6-2012-191){ref-type="table-fn"}   178                                                     47.4%                    27%                                                  
  AC × 4 over 12w, (Pw × 12w) + TL              750                                                   16[^\*^](#tfn2-bcbcr-6-2012-191){ref-type="table-fn"}   173                                                     60.4%                    28%                                                  
  Holmes et al                                  T × 2w, (FEC75 × 4 over 12w, Pw × 12w) +T             0                                                       26                                                      34                       54.0%                                                9.4%
  L × 2w, (FEC75 × 4 over 12w, Pw × 12w) +L     750--1250                                             26                                                      33                                                      45.0%                    11.7%                                                
  TL × 2w, (FEC75 × 4 over 12w, Pw × 12w) +TL   750--1250                                             26                                                      33                                                      74.0%                    25.8%                                                
  TBCRC 006                                     TL × 12w (no chemo, letrozole +/− goserelin if ER+)   1000                                                    12                                                      66                       NR (28%, no invasive dz in breast)                   8%

**Notes:**

NSABP B-41 required continuation of HER2-targeted therapy until 1--7 days before surgery, though the protocol defined 16 weeks minimum.

**Abbreviations:** T, trastuzumab; L, lapatinib; TL, combination; Pw, paclitaxel weekly.
